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Abstract 



PROBLEM TO BE SOLVED: To ease realization of mass production by clarifying the effect of parameters of 
a super-junction semiconductor device having a drift layer comprising parallel pn layers which depletes in 
OFF state while conducting current in ON state. 

SOLUTION: The impurity amount in an (n) drift region 12a is in the range of 100-150% or of 1 10-150% of 
the impurity amount in a (p) partitioning region. Or, the impurity concentration in either of the (n) drift region 
12a or the (p) partitioning region 12b is in the range of 92-108% of the impurity concentration in the other 
region. Besides, width of the one is in the range of 94-106% of the width of the other. 
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[#f*ij|*<DttBJ 

mm t m-&nMim vmmb i,tcm\ P 

m<oi oo~i 5 o%<D&mft\chzz tzftftb-rz 

mm t suraMstta ■> mm t £££icga® vtcmi P 
-r* t h\c*7Vtt6Ktxmitik'tz>m-'mnm k y ? h 

<0*fMfeftj&S v te#<D««O**60j«fl>9 2*^1 0 8% 

w&vbDs #-mwm K9 y hvmtn-mwmtt® 
stto^J&^Mfe&Ao 9 2-1 0 8%<DaeH^tr$>i 

<b *-»«stt9j r>mmb tfe* « p 

Wtt«3ij[<0 9 2-10 8%<Di&mft\ChZ>Zk*%r 




y y hmmbm-mnMttmmmk&zihztiK&m 

9 4-106 %o«Hrtlc:*>i r £ r^jBSS* 

ffifcRit & *vc r t **mtirzm0tL 1 &v> Lit 

x, m-&mmvvy hmmtnzmwmtmvwtt 
<o^(o—^<omm<o^^m&(D9 2-10 8%^$sffl^ 

lo^Mii, ^rO^m^lc, *vtt)BT?tt«*«r 

m-mnmvv y mmbm~mmMitmvmmb 
<ofo<D—^<Dmm*i&j&^ttfy<n^fflfoEL<Dv 2—1 

J: 0 te*^«**«*"r 5 w <b $r^m t i-<5««^*» 

[0001] 

[0 0 0 2 J 
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looo3] r^m^-r^^^br, Ky^h 

EP0053854, USP5216275, 
USP54382 1 5te£Tf*#m<0%m%b\z£Z>$f 
W9-26 6 3 1 l^#K09^$:ixTV^ 
[00 04] t£&*ftm<DftW%b\*^ tf-^jg-mm 

ny y hsmzzymm**m&*mft 

[0005] 

i&wtm$;\s£*>k-rzmM) t*»u tmo&wtt 

wfftfc, ttff£ttft»r<\ JH6fb©fc«>o«MW54* 
[0006] ftSfl:^J:t^» n n pftk:*5v^-cmi5"e 

«a±o L*«r 7v<? wiwirfca c 
ft*. 

[0 0 0 7] ^oj:5 4«»^aE**«5W<OBtttt, * 

:MBfc»* Loo j«RjE£IISU LfrfcSMlcfc Lfc 
[00 0 8] 

%-k%~<Dimk* ±m\c®tft>*Lit-'D<D 

iLWMk. zvummuc, *>vtmx't±imzffii-k 
k t>fc*7*tt-etts&fcfs»-»«fi K» 7 hew* 

k zmzzm&&*m#$*K#^x > ft-mnatw 

O10 0-1 5 0%(DtefflrtlC$>5t>^^1" ; 5o 

[0009] k y y htm^mot 

&m-%mmi±® y m^^wb&o 110-150% 

[0010] »-*mfflKy7h«*i:Jgz:** 
Sltt9l9««i:as*Ji*nBtflRlC«©^ h7^^«"C 

[0011] mttisuic, %-tm-(D±& 
k, ±mz®\-tbtiiz-i<DnMk* *<D±nmm^ 
*^#mxtt&mz&-rk k tfc*7«ifrcHtsiflrt- 




•MM#)9 2-1 0 8%(DftfflftlC$>*t><0£*t£ o 

[0012] K-maatvy y tmmtit-mm 

Sft&<£>9 2-1 0 8%OffiBMw2>oTt>J:^U £ 

&&<D9 2-1 0 8%<DftfflfilcfcoT l t>J;i\ 
[0 0 13] *fc, jB-ttttSK!>7hm&ft-WB 

fflttso y tfztiztimm c&&xh y *<&?w> 

-*0««0«3a^ te#<D«#<Dfi£>9 4-1 0 6%(D 

[0014] m-^m^ k y 7 & fti3raatt9! 

£tcft* 0 ^t, RffttanC^RWWKAi:^^. 
&^::£tcft£ 0 

[0 0 15]^C»M, EMSfcLT. ±E 
<DX\ QZit Lftv*«##g*3 r t ic J: S»flE«T#* 

So 

[0016] SB6#fc* LTtt. ^-^m^ K 9 7 h*t 
ft<0 9 2-1 0 8%©«Hrtfcfc****4&*©fefr<D« 

flWtl/tt>J:V\ 
[0 0 17] 

[0018] [H2fe0H 1 ] 5fc1\ B 3 ttS»fcJfl v^fcJR 
I(Dnft ^SOjBS^-MO S F E TOS^ft/j^ttd 

[0 0 191031:^ HttIfiSt<On*KW 
^Ji> 12finKU7h«*12a, ptt9l9««12 
b td^^St^p nl© Ky 7 M"Ci)5 0 Ky7h 



-3- 




tcmipnm*h-})7 hmi 2 tw&ztt+Zo mm 

men, n K!)7 2 al^ttnf t^Vg 

^1 3 a^ix^ix^^ixXV>5« p^/^^lS 
a<DF*3&Kn + y-*^£l 4 fcii&ag&Op^ V* * h 

n Ky^h^l 2 a t\Z&~£MZp $ ^jl^HS,! 3 a 

O^^tCtt, y-htena&i s^u^i^ya 

i^siso P *=j y ? * vm® i3b <D&mz&m\c&f* 

i KDgffi^nK^^msii 8^rte>^T^^ 0 i 

tf, &SHl^^>y##y* (psg) a^ft*. y 
-«17H ®<D£5\0&&m SZftLXV-h 

Lfcife©*ffi"T*t>AV\ n K!)7 

So. ptt«9««l 2 btt. n Ky7h««l 2alC^ 
» hthtzM 9 Tlf ^icm f * /wfcft (c J: 9 L 
T»J«i-5. roa»56*«fe{!lBaLTtt*«^l 0-20 

926 7^xnm\mm 

10020] 4 00V^7^©MOSFETt 

n*KK>Sl 1 OJtSttff* 0 . 0 1 
fi-cm, ^3 50|im, KD 7 hJ§ 1 2<£>J?£ 3 2 
Aim. n K!J 7 MHtl 2 a ^Atf ptt«I9««l 2 b 
£>f!8,xm (**-#£>*>, HC^O^&NIIWKl 6fi 
m) % ?F*£«8&3. 0X10 15 cm— 3 , p^^/l^ 
«1 3 a 3 ,im. tMMS2Xl 0 17 

cm— 3 , n + V^Wl4(D«$0. 3/zm x £ 
ffi*fftfc»g 3 X 1 0 2 ° c m- 3 XhZ>. 
[0 02 l]#Jxff. 8 00V^7^OMOSFETt 

9ftfit£t£o n + KKy® 1 l<D*fcjgtttt0. 0 1 
fi'cm, 1^3 50^, K!)7Ml2<Df^48 
jim, n 2 ajoJ:!* pttij0 9#f«U 2b 

C0*g5mn (i-^^^>, RC8*04>^liBR!Rll Oji 
m) % 7MMAft3. 5X10 15 cm— 3 . p *:n/V$| 
«13a <Dfcfci££ 1/im, frWtWmSLZ X 1 0 18 
cm— 3 , n + y~*^#l 4Oft1»[i££0. 3/im,| 

w&mm& 1 X 1 0 20 c m— 3 -c$>^ 0 

[002 2] II13Oj&^M0SFET<DS!}fm. 

mi 3 *<D&mm\c&mmi>m&zti. n + y-*£U£ 




[0 0 2 3] y^hm^l 6~.<DjE<Dmfftf&9£e> 
thZk, p *^A-^#1 3a^®II«$^|B 

■^#jh«u Kwy«ai8, v-^«a 1 7 

pttSDDa*! 2bltp!>x^l 3a^LXy- 
^mffil 7Xm&£flX^Z><DX* p!)x;^13a 
tn^/^12di:0^pn^Ja, n K9 
yhm®l 2a£ptWD0«*l 2bt<DH©pnS^ 
J bd>6^^n^^365n 7 2 a, p{t 

#J!>^«1 2bft\C&i>SoXZtlbtf&S.it£tiZ> 9 
[0 0 2 4] pn&£j b^60ft£«HU nK!)7h 
«Jgl 2 a (D*g;frftKj£tf !? , L*>fcPW*Dptt«l0« 

^i 2bfrh&izm&fc&z<ox£Ziki>mi$\^* 

S 0 tot, nKJ7 F^l 2aOffi«^fe 
SC£as-C££ e *fcpftffl0««l 2bt>EBSfcffi£ 
fb£ft£o pft«9«*l 2 btRWOpn^bS 

12bin Ky 7 2 a £ £ £ 

KcfcO, Blg^ S nK!)7 V<ffl$. 1 2 a 02K#-^;£8S 

tmx-fzxLoKt^x^ztDx, £zm&&(Dtctb<D 

ptta*)««l 2b<0»**r«Sr*«-Ct. *<D$h n 
Ky 7 h«*l 2a«i«^i5Ii:^^ 

So 

[3USW 2] p ffliO 9 1 2 b <D#n yo^^i 
(K-Xft) ^lX10 13 cm- 2 l«U, wtlUl** 

«n KJJ7f««l 2a(0!)y«M ( K-X 
5:80-1 5 0%(Dt5aT^xTn^+^/VMMO 

SFET^al/^gyU *fcS&R5R:3WLT» 

BLfc. 

[0 0 2 5] @5tt:, ^-VfiSt (Ron -A) t$g£ifjBE 

tt, S8£iffi (V^) . J^^ri^^^t (Ron • A) 
XhZ. pttB9«*l 2 bW»f (K-XS) 
ttlXl0 13 cm- 2 «U *iri^t>^8Mmt U 
Ky7hil2(0^|j[32MintL^ 

[0 0 2 6] n K57h«tl 2a^KM 

fi£l. OxioV (100%) <Dt% % 3££flftJE 
lt4 4 5Vt, ^^^3 8mQ • cm 2 £&*tf* 
1. 3X10 l V 2 (13 0%) ^"r5^55^iE«:3 
6 5VWyfeRti2 4mD' cm 2 |:, 1. 5X10 
13 cm- 2 (1 5 0%) t1-Sfc*^»JEtt2 8 0V"C*^ 
fe^tli2 0mO • cm 2 IClTt^ 

[0 0 2 7]»P)> nK!)7Wl2a« 
fidSptM0 9«« l 2b05F«**lC»LTl 0 0-1 

5 0%ic#sic^v\ %±mm (v DSS ) tti£T-r-5t> 

0(0. a-Vj&jfc (Ron- A) 
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vWgi (Ron -A) <Dtft>ottt/jN£^£>-C\ mm#f\C 

s*re. 9t&*x&im&&£tt£Z. *nt % z<omm 

[0028] [«SW3] B6tt. LAfiTT^V^* 
(A) <0^«ftitt#ttSr*t4WtB"C«>a. 
^tett, n K!)7 hSWc 1 2 a tf> U yo^F^f ( K 
-Xg) , «EttttLA«rT^9V^*««|*« (A) X 
hZ. ptt^JO^l 2 b(04?D VcO^Rfc&fi (K— 
Xg) $:lxlO ,3 cm- 2 i:i^LT, ^iUC*f-fS n 
K !J 7 h®« 1 2 a (?) 9 yo^^f ( K-Xf ) £8 
0-1 5 0%*>«SB-e*;t;fc. Rfc^ttttSBftMl £13 
CXhZ. 

[0 0 2 9] fclxtf, n Ky^ hm®l 2a<D*tm 
&£l. OX 1 0 13 cm~ 2 (1 0 0%) <Dk%* T'*7> 

is^mmmm (a) n«7At*5^ 1. 3xio' 3 

cm" 2 (13 0%) fc+afcT'^V'S'xaBMM (A) 
tt#)6 3AtC, 1. 5X 1 0 13 cnf 2 (1 5 0%) ftS 
k7'*7>is*mmmffi (A) tt»72At45. 

n Ky 7>|Wl 2a<O^Mf ( K-XS) £l 1 

0%&±\z-rtitt£\,^kifit>frZ> o 14 0%£A 
X\ ® 1 "C©»^Wffi<0«T«:#«:-r5i: 1 5 0%£TF 

So 

[0 0 3 1] j^±OH^J:!)^ypn^COn h*V7 b 
fa®, 1 2 a 43 XX* p ft$J 9 «J£ 1 2 b ©^Fffi^fi^ff^ 

[31*60*4] p{HU9«*i 2 b c P «r* 
X.T n ft^^iMO SFET5->^ V a > U 
* fcHBlcWfli LTMlfco 

[ 0 0 3 2 ] B 1 tt. iffi ( V^g) O^ttft&ftCptt 
#tt«r^*-»ttB-CfcS. Sftfrf*, ptti39®i£l2b 

7h«*12aW«»8ltC n tt3. 5X10 15 cm 
100 3 3] Mx.^ C n =C P =3. 5X10 15 cm -3 

<otz, m&t±m*:m9 e ov k*z&. c P =3xi 

0 15 cm- 3 t-rt>k®1E\m7 5 0V\Z^ 2X10 l5 c 
[00 34] :lxH n K!)7 bmm 1 2 a 




«1 2b(^)WM^n K!)7h^«12aJ;t)ii5< 
Lfc * # ti\ p{b§I^«12b fc+»2S^flS L£ fit* 

[0 0 3 5]m, ptWU0«*l 2 b<07M«aa 

Cptf, n Ky y bmmi 2 a ©**^»*c n fc»Lr 

y 7 h««l 2 a C n ££;Lfc»£U:o^ 

T^Crt^xSo 

nm-ttU pttW*)««l 2 bOfgLp^^Xn 

[OO37]0l(i v K (V DSS ) o^4feft#ttSr^ 
Lp, i^&liBflE (v DSS ) -o&s. 7MMUEI13. 5 

X10 15 cm- 3 i:@^U Ky7Hl20fllStt4 8 

[003 8] flfctf. L n =Lp=5MmO < b^, ffiffitt 
•*«9 6 OVbttZ&s L p = 4 m m£*t~£ tBBEfi 
#15 5 OVtefiT-fS. 

[003 9] dixttu n K!I7 h«f«l 2 a 

*12b*nKy7h««12aJ:»)J|< tfctffi, 

[0 0 4 0]iH, pftSD9«*l 2b©«L P 3». 
n hfil*l 2 a<0*lL n lC#LTi:T6%UJlrtlC 

So 

[0 0 4 1] znfOMn* ptt9)9«*i 2b<o«L 
*1 2a(0«L n «rSe^fcS^lco^Tt>m^5 0 * 

[0 0 4 2] U±<Dm9t\Z£9ftmpng<Dn K»7h 
««1 2a*Sj:t^ptt50 9««l 2bO^»m 

.¥«*»?-oU^S«lc-c« So 

Oigbrc^L MjraiCJ:9ttlk$«T^pnJ|»«A 
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10 0 4 3] H4tt-t<DJ: 5 bfc«a[fl[)n 
ft*/«^MO S F E T<D&*mm%(OU%Vft 

[0 0 4 4] ®3 0&&£MOSFET08rffi®£^ 
Sekbfclr^ nK97hi)$2 2a x ptt§J0^«2 

ao««2 2 b ^shms©* 9 fta*i (h&tgWk 

WTO £ft£ 0 

[0 0 4 5] rO«t9**&»^ nK9 7MM2 2 
a, pttW9««2 2b^+»^kL#*i4v^«r 

[0046] ifclc^fcJ; 5fc„ nK!)7 hg|*£ 
22a, ptt«0«*2 2b©«^*L^«?fc. 

2 2a. p {±£J 0 2 2 b 

[0 0 4 7] -£LT. r^W<D^t>, ^Jte^3<5:±< 

[0 0 4 8] «*s*u^ti-tt«, »-w«fflKy7h 

£ m-^m^tt^ 9 Si* £ o rt W 
^♦Mb»*3P. «fc*«)«*^¥*&^F«%»fto 9 2-1 

[004 9]**:. nK!)7h«*22a, pttiBOW 
^2 2b(Om(On^Vmt\.Xh, 9 4-1 0 6%(D^ 

fflrtfcfctuf «tv>r. left 6. 

[0 0 5 0] ft*5. n K9 7>«Wtl 2a*>£Xfiptk® 
[0 0 5 1] ft*>\ SWi0!ri«a!<DMOSFETO««r 




t«ftft<5fiei*»fl:*-f-fcoV^-Ct*a-C*>6. 35 
tc. IGBT^pn^*- h\ ^g^h^yry 

[0 0 5 2] 

WK9 7 t««fc*-»«S!ttSJ 0 tttt & *«SfcBB 
[BffotnLftRH] 

[01] *&m<Dmm&MOSFET\ZteVZME. (V 
DSS ) ©Lp«ft#tt*r^i-#tt0 

[0 2] mm (v^) CpMt^^tt 
&0 

[03] mmm 1 ©jgg^Mo sfe t 

[04] HlS«2©jB*^MOSFETOK*ttft«5g 

[0 5] *5SW©«S^MOSFETJc:*5lt5*V«Si 
(Ron -A) &»^R£E (V DSS ) (07l«Mlfttt«Ftt«r 
^1-*H£0 

[0 6] L*«fT/<7^V*«»«« (A) tf>**fi&fi 

[»»©»«] 

11. 2 1 n*KW>'i 

12, 22 KU7M 
12a. 2 2a n KJl7hft« 
12b. 2 2b ptt«D9«« 

1 3 a. 2 3 a p 

i3b. 2 3b p-a^*^ hmm 

14. 2 4 nTy— 

1 5 hlfe&Jg 

16 bm&jg 

1 7 y-*®I 

18 FW^IS 

1 9 tmm 
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